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The predecessor to the Nuclear Regulatory Commissicn
(NEC) received an application in 1973 to ma*ufacture eight
standardized floating nuclear powerplants near Jacksonville,
Florida, a.d received a separate application in 1974 to station
two of the eight plants off the New Jersey coast. Because the
floating plants will be built at a location other than where
they will be operated , the NRC has issued new regulations
requiring a license for the manufacture of the plants.
approximately $300 million has been spent by the applicants on
activities related to the applications, and the first
application is more than 3 years behind its original licensing
schedule. Findings/Ccnclusions: The NRC staff has ma4e several
management decisions that have complicated and contributed to
the 3-year delay in its review of the application to manufacture
floating nuclear poverplants. Factors inhibiting the licensing
review process incude: preparation of a generic envircnmental
statement which adds little to the licensing process, NRC's
failure to evaluate siting possibilities in a timely manner, Eld
NRC's failure to evaluate a reactor core melt in a timely
manner. The following guestions concerning floating nuclear
poverplants remain: Is more information needed on the risks of a
core-melt accident? Vill the site meet requirements for a
floating nuclear plant? Does the weight of the plant represent aproblem? Have methods been developed for handling and recovery
of nuclear fuel and radioactive waste? Has a lsthod been
developed for decommissioning the floating plant? and will afloating plant minimize the environmental effect of pewerplant
operation? Recommendations: Before concluding its review of the
manufacturing license, the Chairman, NRC, should: establish anacceptable levael of risk for a core-melt accident on a floating
nuclear plant, identify those changes which anpt be made to thedesign to achieve that level of risk, and require that weight
parameters be developed for t.be safe operation of the



poverplent. Before concluding its revies of a license to operatethe plants; th4 Chairman rhould: identify specific methods ofhandling the ,.oading and offloading of radicactive material;require specific procedures for mitigating the consequences of acore-melt accident; require that a specific deccmmissioning planbe prvpared for thp floating plant and the kreakwater, includinga funding *echan4sa to assure that the facility cnsnt pays thecosts cf decommisiioning; and reanalyze the effect of thepoverplant on tourism. (RRS)



BY THE COMPTROLLER GENERAL

Report To The Cong ress
OF THE UNITED STATES

Before Licensing Floating
Nuclear Powerplants, Many
Answers Are Needed

By mounting a conventionr. nuclear power-
plant on a floating barge 't may be possible tosite a powerplant in estuaries, on the shore, orin the ocean where it would bL protected by abreakwater.

The uniqueness of floating nuclear pc sr-plants, which are planned to begin operation
by the i nte 1980s, -equires -hat special atten-tion be paid to the safety and environmentalaspects of thoir operation.

The Nuclear Regulatcry Commission has beenconducting a licensing review of floating nu-clear powerplants since 1973. Although the
review is continuing, the Commission has notyet resolved in sufficient detail salient saf tyand environmental issues which variousparties have raised during the licensing review.
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To the President of the Senate and the
Speaker of the House of Representatives

This report discusses the Nuclear Regulatory Commission's
process for evaluating the s fety and environmental impact of
floating nuclear powerplkais.

This review was prompted by interest expressed initially
by Congressmaia Hughes, and sibsequently by the other members
of the New Jersey delegation, about the floating nuclear
plants.

We are sending a copy of this report to the Chairman,
Nuclear Regulatory Commission.

Comptroller General
of the United States



COMPTROLLER GENERAL'S BEFORE LICENSING FLOATIf\
REPORT TO THE CONGRESS NUCLEAR POWERPLANTS, MANY

ANSWERS ARE NEEDED

D I E Spowerplant is aT

The floating nuclear powerplant is a
relatively new and unique concept. Stand-
ardized nuclear powerplants mounted on
barges could be stationed in the ocean near,
but off, the shore and protected by a break-
water. Floating powerplants could be situ-
ated also on the shore and in estuaries.
(See p. 1.)

Under current plans and projections floating
plants could be operating in the late 1980s
and more than 40 plants could be in place by
the year 2000. Deployment in such numbers
magnifies the need to fini answers to impor-
tant enviroament&l and sL.'ety-related issues
in the Nuclear Regulatory Cow. .nission licens-
ing review process. This review of floating
plants was continuing at the time GAO per-
formed its work.

The former Atomic Energy Commission received
an application in 1973 to manufacture eigat
standardized floating nuclear powerplants
close to Jacksonville, Florida, and a sepa-
rate application in 1974 to station two of
the eight plants off the New Jersey coast.
While the Nuclear Regulatory Commission has
been continuing the licensing review of the
first application, it has suspended the li-
censing review of the other because of an
announced 3-year delay in the delivery of
the first plant. The first floating nuclear
plant is now scheduled to be in operation
by mid-1988; the second, 2 years later.

Approximately $300 million has been spent
cr committed by the applicants on activities
:elated to the two applications. (See pp.
2 to 4.) The Nuclear Regulatory Commission
has made several management decisions that
have complicated its licensing review of tile
floating nuclear plants and have contributed
to a 3-year delay in the licensing process.
This process is unnecessarily fragmented

IUS. Upon rvaf, the report EMD-78-36cover ate should be noted raon. 



and confusing to the )aties participating
in the various proceedings preliminary to
the granting of the licenses. Specifically,
the Commission has

-- prepared a generic environmental statement
that provides little assurance about the
feasibility of '"ve floating nuclear power-
plant concept (see pp. 9 to 10);

--not evaluated a nuimber of matters on a
timely basis (see pp. 11 to 14); and

--not resolved a number of salient safety
and environm;ental issues which various
parties have raised during the licensing
process (see pp. l1 to 27).

The most significant unresolved issue is a
core-melt accident. If a reactor's nuclear
core should overheat, hot molten nuclear
fuel could breach the containment structure
and the barge and contaminate the surround-
ing waters. The Commission says the proba-
bility of a core-melt accident is very low.

In a recently issued study, the Cc:nmrtssion
found that the risks of a core-melt accident
on a floating barge are 6 to 30 times (reater
than the risks of such an accident on a land-
based plant. Nonetheless, the Commission
has not yet established an acceptable level
of risk for a core-melt accident on a float-
ing nuclear plant nor identified the changes
that must be made to the floating plant to
achieve that level of risk. (See pp. i6 to
17.)

The Commission is now comparing the site
off the coast of New Jersey with prescribed
operating conditions for the floating plant
to assure compatibility. Where they are not
compatible, the design of the floating plant
or the operating conditions may be changed
to accommodate thn New Jersey site. in such
instances. the Commission may need to reopen
the safety hearings to consider the impact
of the changes on the safe operation of the
floating nuclear plant. (See pp. 17 to 18.)
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Additionally, the Commission has not yet
reeslve*, other safety, environmental, and
related issues, including

--methods for mitigating tt:e consequences
of a core-melt accident (see pp. 16 to
17);

-- possible problems with the anticipated
weight of the floating plant (see pp. 18
to 29);

-- procedures for transportation and handling
of nuclear fuel and radioactive waste (see
pp. 20 to 21);

--plans for decommissioning the floating
plant and breakwater (see pp. 21 to 23);
and

-- analysis cf the effect of tourism from
the siting of floating plants (see pp.
23 to 25).

RECOMMENDATIONS

Because of tue unique and critical nature
of a nuclear powerplant operating in a water
environment, answers to important safety and
environmental issues must be resolved in the
licensing process.

Before concluding its review of the manufac-
turing license to construct eight standard-
ized nuclear powerplants, the Chairman, Nu-
clear Regulatory Commission, should

-- establish an acceptable level of risk for
a core-melt accident on a floating nuclear
plant;

-- identify those changes which must be made
to the design of the floating nuclear plant
to achieve that level of risk; and

-- require that weight parameters be developed
for the safe operation of the floating
plant and insure that these parameters are
met.
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Before concluding its review of a license to
or,erate the two floating plants off the New
jersiy coast, the Chairman should

-- identify specific methods for handling the
loading and offloading of radioactive ma-
terial and the recovery of such material
in case of an accident;

-- require specific procedures be developed
for mitigating the consequences of a core-
melt accident;

-- require that a specific decommissioning
plan be prepared for the floating plant
and the breakwater, including a funding
m:thanism to assure that the facility
owner pays the costs of decommissioningo
and

-- reanalyze the effect on tourism.

Tne State of New Jersey has ownership of
the Outer Continental Shelf for a distance
of 3 miles from its shore. If the licensing
review starts again, the Chairman should
determine as early as possible whether New
Jersey is willing to provide a grant for
the siting of two floating powerplants off
its coast. It may be necessary to establish
a milestone date in the licensing review
process by which time the applicant should
have obtained the grant. Otherwise, the
Chairman should once again suspend the li-
censing review.

AGENCY-COMMENTS-ON
THE -5DT-REPRT

The Commission said, in its judgment, the
report does not present an accurate, com-
plete, and current overview of the Commis-
sion's policies and reviews related to the
licensing of floating nuclear powerplants.
GAO recognizes that the licensing review
process is ongoing and that the Commission
might sufficiently evaluate the safety and
environmental issues contained in this re-
port. However, the purpose of GAO's wozk
was to evaluate what the Commission has
done up to a certain point in time.
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eNAPTER-1

INTRODbCTION

Floating nuclear powerplants have emerged as a new and
unique concept that is expected to be operational by the late
1980s. By mounting a conventional nuclear powerplant on a
floating barge, it may be possible to site powerplants in the
ocean, on the shore, or in estuaries. This technology is ex-
pected to permit nuclear power sources to be placed in areas
lacking suitable land sites.

In January 1973 the predecessor agency to the Nuclear
Regulatory Commission (NRC) I/ received an application to man-
ufa-ture eight standardized floating nuclear powerplants. In
March 1974 NRC received a separate application to site two of
the eight plants off the New Jersey coast--called the Atlantic
Generating Station site. The first application is currently
pending licensing review and approval, referred to as the li-
censing review process, while the application to site two of
the eight plants has been indefinitely suspended because of
an announced 3-year delay in the delivery of the first plart.
The first floating nuclear plant is scheduled to begin opera-
tion in 1988.

FORMULATION-OF-THE-CONeEPT

In 1969 Public Service Electric and Gas Company, New
Jersey's largest utility company, was exploring ideas to solve
an immediate concern--lack of large land tracts needed for nu-
clear powerplant operations. After concluding that there were
no areas onshore or along the Delaware River, the utility de-
cided that siting off the coast Was not only feasible but would
best slit New Jersey's needs. The idea of creating a floating
nuclear powerplant was also viewed as a way to make nuclear
powerplants safer from earthquakes. Further it was believed
that the floating plant would reduce population exposures and
assure the adequacy of cooling water.

The utility invited and received bids from three nuclear
manufacturing companies to build the floating plants. Th'e
concept of a floating plant was structured around building
a conventional nuclear powerplant on top of a barge and f oat-
ing it to a desired coastline location. The plants would then

1/The Nuclear Regulatory Commission was established on
January 19, 1975. Before then, nuclear regulation was
the responsibility of the Atomic Energy Commission.
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be moored wi.thin a manmade breakwater for stability as wel1
as for protection against storms, and collision from ships.
Electricity would be transmitted to land by cables buried
beneath the ocean floor. 1/

FILING-OF-APPLICATIONS

In late 1972 Public Service Electric and Gas Company
signed a contract with Offshore Power Systems 2/ to purchase
two floating nuclear plants. Several months later the com-
pany exercised an option to buy two additional units.

After studying the utility market, Offshore Power Sys-
tems applied to NRC in January 1973 for a license to manrufac-
ture eight standardized floating plants at Blount Island, a
site close to Jacksonville, Alorida. The license application
requested up to 14 years for manufacturing eight plants. Be-
cause no nuclear materials would be ',tored or used at the man-
ufacturing facility, NRC has decideu that Offshore Power Sys-
tems does not need to obtain an NRC license to build the fa-
cility.

In March 1974 the Public Service Electric and Gas Company
submitted its application to NRC to construct the Atlantic
Generating Station which includes two floating plants 2.8 miles
off the coast of New Jersey and about 11 miles northeast of
Atlantic Cit.y. The first floating plant is now scheduled to
btgin operation in mid-1988 and the second plant 2 years later.
Ownership will consist of the Public Servi.e Electric and Gas
Company, the Atlantic City Electric Company, and the New Jer-
sey Central Poier Company who will own 80 percent, 10 p.rcent,
and 10 percent respectively, of the plants. The third and
fourth plants are expected to begin operations in 1993 and
1995, respectively, but no application has been submitted to
NRC for them nor has a site been announced fnr their location.

FUNDING-OF-ACTIVITIES

Since 1972 Offshore Power Systems has spent or committed
approximately $100 million for dredg.ng, con.truction, and

1/See page 3 for an artist's concept on *wo floating planrs.

2/An enterprise establisht. by Westinghcuse Electric Corpo-
ration and Tenneco Power Systems, Incorporated, just for
this purpose. Tenneco Power Systems later terminated ics
involvement in the project, leaving Westinghouse as sole
owner of Offshore Power Systems.

2
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matterial purchases at the Blount Island manufacturing facility.
Another $140 million is needed to complete the facility, ac-
cording to Offshore Power Systems estimates.

In addition, Public Service Electric and Gas Compdny esti-
mates it has paid $172 million to Offshcre Power Systems for
the purchase of long lead-time items to build the floating
plants. Also, it estimates that $50 nillicn to $60 million
has been spent on work at the Atlantic Generating Station site,
including site development, consultants' fees, and reports to
NRC. Officials of the company said abcu 4 $15 million to $20
million is usually spent in licensing a conventional land-
based nuclear plant. She diVfeience in cost, according to
these officials, can be attriP' ed to the time it has taken
to license the floating nuclear plant plus the uniqueness of
the concept itself.

Because the floating nuclear plant will involve operating
a rta-tor in a relatively new environment, it is important,
for hearth and Safety reasons, that due consideration is given
to all relevant issues in the NRC licensing review process.
The following chapte.s highlight A,d. .oservations on this on-
going review process and the more ,nportant safe,:y and envi,-
ronmental issues which are yet to b-e resolved.
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CHAPTER-2

OBSERVATIONS-ON THE- LICENSING-REVIEW-PROCESS

The NRC licensing review process is intended to provide
a systematic approach for evaluating safety and environmental
matters which relate to the construction and operation of a
nuclear powerplant. The process includes a comprehensive re-view by the ?iC staff and the Advisory Committee on Reactor
Safeguards X as well as public hearings before the At-mic
Safety and L.censing Board 2/. As of May 1978, the rPC staff
was continuing its licensing review of the Offshore Power Sys-
tems manufacturing license application, whereas the Atomic
Safety and Licensing Board has been holding public hearings.
This application is more than 3 years behind its original li-
censing schedule.

SCOPE-OF-THE-LICENSING-REVIEW-PROCESS

The NRC licensing review process for the proposed float-
ing nuclear powerplants differs from the process for licen-±-g
land-based nuclear plants in one important respect. Because
the floating plants will be built at a location other than
where they will be operated, NRC has issued new regulations
requiring a license for the manufacture of the plants--called
a manufacturing license.

The regulations stipulate, in fart, that a license will
be issued only after NRC finds that the manufacturer has suf-
ficiently described the proposed design of the plants and thesite conditions under which the plants can operat*. If grant-
ed, the mantuacturing license will specify the number of p.lants
authorized to be manufactured and the latest date for the com-
pletion of the manufacture of all such plants. (See chart onpage 6 which de'icts the uniqueness of the floating plan '!i-
censing process and presents the status of the more important
licensing steps.)

1 'onsis'tili, of a maximum of 15 members, it is an independent
committee cstablished by the Congress and statutorily re-
quired to conduct a safety review of each nuclear powerplant
application.

2/An independent Board comprising one lawyer, acting as chair-
man, and two technically qualified persons. Members are
selected from a panel of full- and part-time panel members
appointed by the NRC Commissioners.
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During the licensing process, the application for a
manufacturing license must undergo three separate reviews on
safety-related matters: (1) a detailed technical review by
the NRC staff, culminating in the issuance by the staff of a
safety evaluation report; (2) a review by the Advisory Com-
mittee on Reactor Safeguards, an independent body of experts
in the various technical disciplines important to reactor
safety; and (3) a review by the Atomic Safety and Licensing
Board after a formal hearing with opportunity for public par-
ticipation. Similarly, the application must undergo a two-
phase rev w on environmental mattern with the preparation
.,f two environmental statements. The first covers the envi-
zonmental impact on the city of Jacksonville fromn the op-r-
at;on of the manufacturing facility. The second statement
is generic in nature and considers the proposed uses of tjie
~loating nuclear powerplants as offshore generating stations.
Following preparation of each of the two environmental state-
ments, comments are srlicited from Federal, State, and lc-al
agencies and from members of the public. A single envirc.i-
mental statement is then issued taking 4nto account all ccm-
ments received. As with safety-relates Aatters, a review on
environmental matters is held before the Atomic Safety and
Licensing Board after formal hearing¢. with opportunity for
public participation.

Although the utility (plant owner) will not build the
floating plants, it must obtain a construction permit and an
operating license fron NRC. Here, the licensing process will
be similar to the case of the construction and operation of a
land-based nuclear plant. Under the construction permit re-
view, the utility need not submit any information or analyses
previously considered under the manufacturing license review,
but it must submit information to demonstrate that the site
on which the plant is to be operated falls within the site con-
ditions specified in the manufacturing license. If granted,
the construction permit will allow the construction of the off-
shore station includirg the breakwater enclosure and the re-
quired onshore suppor facilities. The permit will also allow
the floating plant to be moved to its intended offshore loca-
tion.

Under the operating license review, the utility must
demonstrate that the construction of the floating nuclear
plant has been substantially completed in conformity with
both the manufacturing license and the construction permit
If granted, the operating license will allow fueling of the
nuclear reactor and operation of the plant for 40 years.

7



STATUS OF THE LICENSING
REVIEW PROCESS

In May 197/ the Atomic Safety and Licensing Board
completed public hearings on almost all safety aspects of the
Offshore Power Systems application to manufacture the eight
floating plants. Th' ~-c!nsing Board had ruled, however, that
hearings on environme. al matters would wait until the comple-
tion of all environmern .al statements, currently scheduled for
late 1978. 1/ Since the date of that ruling--in June 1977
--.the Liceniing Board has collectively decided that hearings
on environmental issues would be held as various environmental
statements and reports become available. In July 1978 the
hearings resumed. Once the last environmental statement is
completed, NRC anticipates that the hearings can be concluded
aid a decision on the manufacturing license application can
be made by the Atomic Safety and Licensing Board in about 3
months--or early 1979.

I addition, hearings were required on safety-related
and environmental matters related to the application to con-
struct the Atlantic Generating Station. These hearings were
scr Apled to begin in November 1977, but were never held, and
the NRC staff told us that they would not begin until the hear-
ings on the Offshore Power Systems application are completed
-- sometime in early 1979. This is based upon the objective
that all generic safety and environmental issues should be re-
solved before deciding on the suitability of the Atlantic Gen-
erating Station site.

FACTORS INHIBITING -THE -LICENSING
REVIEW PROCESS

T:e NRC staff has made several management decisions that
have complicated and helped contribute to the 3-year delay inits review of the application to manufacture the floating nu-
clear powerplants. In our view, even though these plants are
unique, t:.< licensing process is unnecessarily fragmented and
confusing to the parties participating in the proceedings.
Specifically, we found that NRC made a decision to issue vari-
ous parts to its environmental impact statement, then reissue
at least one part in draft, and prepare additional studies
where parts were found to be deficient. According to an offi-
cial of the Council on Environmental Quality, this fragmented

l/The last statement to be completed is an overall summary of
the environmental effects associated with granting the man-
ufacturing license.
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approach to fulfilling the requirements of the NationalEnvironmental Policy Act has prevented not only the public but
also other Federal agencies from gaining a whole understandingof the impact of the floating nuclear powerplant proposal.Listed below are the various parts which NRC has prepared tothe environmental impact statement.

Draft Final

Part I (Manufacturing Facility) 7/74 10/75

Part II (Generic Offshore Siting) 12/75 9/76

Part II Addendum (Generic River
and Estuary Siting) 3,/78 6/78

Liquid Pathway (Risk; Study 9/76 2/78

Part III (Overall Summary) 10/76 Yet to be
5/78 completed

In reviewing these various parts, we also found that theNRC staff, in its decisionmaking, has

-- prepared a generic offshore siting statement of a typ-
which added little to the licensing process;

-- been slow, perhaps reluctant, to evaluate the varioussiting possibilities for floating nuclear plants, suchas in rivers and in estuaries;

--been slow, perhaps reluctant, to address the conse-quences and rlsks of a certain hypothetical reactor ac-cident, called a core melt, which has already been
studied for a land-based plant.

The above decisions have also contributed to a 3-year
delay in the licensing review of tne application submitted bythe utility, the Public Service Electric and Gas Company.

According to NRC, the 3-year delay in this licensing re-view is related to such things as late and inadequate responsesfrom the company; assignment of reviewers to higher pr oritywork; scheduling problems with the Advisory Committee on Reac-tor Safeguards; and the dependency of this licensing reviewon the review being conducted on the manufacturing license.

9



Preparation of a -eneric-environmental
statement which -adds little to the
licensing-process

In September 1974 NRC decided to prepare an environmental
impact statement (Part II) which assessed in a general way,
and without a high degree of quantification, the environmental
impacts from the proposed construction and operation of float-
ing plants in the offshore waters, The statement analyzed
average conditions expected to be found in the Atlantic Ocean
and the Gulf of Mexico. NRC officials said the statement,
which was subsequently issued in September 1976, was necessary
under the NRC regula.tions implementing the Atomic Energy Act
and the National EnTironmental Policy Act of 1974.

The statement did not, however, assess the cumulative
environmental effects of a number of floating plants operating
simultaneously nor did it assess whether floating plants could
be located at specific sites. For these reasons, a staff mem-
ber of the Council on Environmental Quality said the Council
staff did not agree with this generic environmental statement.
He also said the Council staff reasoned that while the opera-
tion of a single floating plant may produce a minimal effect
on the marine environment, the effect from several plants op-
erating simultaneously could be considerable. The Council
staff advocated the preparation of a statement which made such
an assessment. NRC disagreed with the Council because a cumu-
lative assessment would be much too difficult to undertake.

During our review, officials from the Environmental Pro-
tection Agency, the National Oceanic and Atmospheric Adminis-
tration, and Offshore Power Systems also commented on the
merits of NRC's generic environmental statement. Aside from
generating some very general data, these officials collective-
ly said that this statement:

-- did not provide assurance that eight floating nuclear
powerplants could be located in the offshore waters
of the Atlantic Ocean and Gulf of Mexico.

-- did not preclude the preparation of any environmental
information which would have to be developed once a
utility decides to site a floating nuclear plant at
a specific location.

-- was not a true assessment of the offshore waters since
each area is unique and generalization is n t possible.

In summary, these officials indicated that the generic
environmental statement which NRC prepared added little to
the licensing process. NRC said the purpose of the NRC
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